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software and divided into eight sub-regions (Fig. 1). Mean T1r and T2
values for each sub-region were computed. All subjects completed
the HOOS questionnaire, with sub-categories of Symptoms, Pain,
Activities of Daily Living, Sports Activities, and Quality of Life. Sub-
jects were divided into high (65) and low (<65) alpha angle;
high (>39) and normal (30–39) CEA; present or absent crossover
sign; present or absent herniation pit.
Fig. 1. Sagittal MR image of the hip with sub-regions for cartilage quan-
tiﬁcation.
Results: There was no signiﬁcant difference between age, BMI, or KL
distribution for grouping by alpha angle, CEA, or the crossover sign.
The distribution of the four parameters associated with FAI is shown
in Table 1. Subjects with a high CEA had increased relaxation times
in the posterior acetabulum (R3) for T1r (39.2 ms vs 36.7 ms; p ¼
0.051) and T2 (30.7 ms vs. 27.8 ms; p ¼ 0.064), as well as decreased
T1r values in the superior femoral head (R4) (30.9 ms vs. 34.1 ms; p
¼ 0.0063). Subjects with a positive crossover sign had elevated T1r
values (34.3 ms vs. 30.7 ms; p ¼ 0.0057) and T2 values (27.5 ms vs.
24.1 ms; p ¼ 0.0039) in the posterior-inferior acetabulum, and
increased T2 values in the posterior acetabulum (30.8 ms vs. 28.2
ms; p ¼ 0.038). There was no difference between T1r or T2 values
based on alpha angle or herniation pits. All HOOS sub-scores were
signiﬁcantly lower in subjects with a high CEA (Fig. 2). Subjects with
a high alpha angle reported worse HOOS Symptom scores (80.3 vs.
89.4; p ¼ 0.048). The HOOS sub-scores showed no signiﬁcant dif-
ference based on the crossover sign or herniation pits. There was no
difference with regards to the distribution of labral pathology within
any of the four groups.Table 1
Distribution of possible FAI ﬁndings
Alpha angle Center-edge angle
<65 65 30–39 >
Number of Subjects 65 34 40 1
Age (years) 44.0  13.0 45.9  14.5 44.2  14.0 4
BMI (kg/m2) 24.2  3.0 22.9  3.1 23.1  3.3 2
% For 0 29.0% 27.3% 20.0% 3
KL 1 41.9% 30.3% 42.5% 3
Grade 2 19.4% 24.2% 25.0% 3
3 9.7% 18.2% 12.5% 7
*Indicates p ¼ 0.02
yIndicates p ¼ 0.025Conclusions: An increased CEA and the presence of a crossover sign are
associated with signiﬁcant changes in cartilage health, suggesting a
relationship of these speciﬁc mechanical differences with evidence of
early cartilage degeneration. Both groups demonstrated increased T1r
and T2 values in the acetabular cartilage. An elevated CEA is strongly
associated with worse patient reported outcome measures. Herniation
pits appear to be only an incidental ﬁnding and were not associated
with cartilage changes. In conclusion, these results help to characterize
the observed cartilage changes and reported patient scores from com-
mon ﬁndings associated with FAI. Acknowledgement: Funding through
P50 AR060752.
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QUANTITATIVELY-MEASURED BONE MARROW LESIONS IN THE
PATELLOFEMORAL JOINT: DISTRIBUTION AND ASSOCIATION WITH
PAIN
C. Ratzlaff y,z, R. Russell y, J. Duryea y,z. yBrigham and Women’s Hosp.,
Boston, MA, USA; zHarvard Med. Sch., Boston, MA, USA
Purpose: Bone marrow lesions are a well-documented source of pain in
knee OA. However they vary strongly by region of the knee joint, lon-
gitudinally ﬂuctuate in size and by region and, in a signiﬁcant pro-
portion of people shrink, even as knee OA progresses towards joint
death. Patellofemoral joint (PFJ) osteoarthritis (OA) has received little
epidemiologic attention despite accounting for the majority of symp-
tomatic knee OA. It is more likely than the tibiofemoral joint (TFJ) to
cause knee OA symptoms, and even isolated PFJ OA can cause consid-
erable symptoms (Crossley et al, 2011). Clinically, medial PFJ pain is
common, despite the long-held belief that the Q-angle and lateral pull
of the IT band/vastus lateralis will preload the lateral PFJ. The purpose of
this study was therefore to investigate the relationship of BML volume
and weight-bearing pain for the TFJ and PFJ separately, and describe the
medial-lateral distribution of BML in the PFJ.
Methods:A cross-sectional studywas conducted in 115 subjects from the
baseline data of the Osteoarthritis Initiative (OAI) Progression Cohort.
Sagittal turbo spin echo fat saturated (TSE FS) (0.357 0.357 3.0 mm, TR
3200 ms, TE 30 ms) IW MRI were obtained on a 3T Siemens Trio MR
system. A reader used software to segment subchondral BMLs in the
patella and anterior femur (trochlea). Primary outcome: segmented vol-
ume of BMLs (mm3) in the patella, trochlear femoris and in the weight-Crossover sign Herniation pit
39 Present Absent Present Absent
7 21 68 15 79
0.5  12.2 44.9  13.8 45.1  13.9 51.7  11.9* 43.2  13.5*
2.9  3.1 24.3  3.1 23.6  2.9 25.2  3.1 23.6  3.0
0.8% 30.9% 23.8% 31.7% 13.3%
0.8% 25.3% 42.9% 36.7% 46.7%
0.8% 19.1% 23.8% 22.8% 6.7%
.7% 14.7% 9.5% 8.9%y 33.3%y
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per the MRI Osteoarthritis Knee Score (MOAKS) (a line extending cra-
nially/caudally from the lateral edge of the femoral notch, and for the
patella to a point just lateral to thepatellar apex). (Fig.1) Pain.Weused the
WOMAC pain sub-scale and deﬁned the primary outcome of knee pain
dichotomously as moderate to severe pain (scores 2–4) on any of the 3
weight-bearing (WB)WOMAC pain questions (pain onwalking, climbing
stairs, standing), acquired at the same baseline OAI visit as the MRI scans.
Individual questions and the composite WB pain score were tested for
their associationwithBML volumeusing theWilcoxon rank sum test. Chi-
square tests were used to compare the medial and lateral PFJ for the
number of subjects (%) with BML, and BML volume (Wilcoxon rank sum).
Results: The samplewas 84%white, 52%male andwere 90% K–L grade 2
and 3. Subjects with weight-bearing knee pain had greater median BML
volume than those without weight-bearing knee pain for the weight-
bearing femur, trochlea femoris and patella, PFJ, but not the tibia. In the
examination of each speciﬁc weight-bearing item, we found an asso-
ciation with greater BML volume and pain during stair-climbing for
both the femur, tibia, tibiofemoral and patellofemoral joints, with the
difference the greatest in the patellofemoral joint (Table 1).With respect
to the distribution of BMLs in the PFJ, prevalence was slightly higher
medially, and median BML size was larger (Table 2).
Conclusion: This cross-sectional study in a sample of baseline OAI sub-
jects provides evidence for a strong relationship between stair-climbing
pain and BML volume in knee OA, particularly in the PFJ. Further, PFJ BML
volume is at least as prevalent medially as laterally. PFJ BML volume may
help explainmedial PFJ pain andhave implications for the role of PFJ inOA
and be a potential treatment target. Further work on the longitudinal
relationship between PFJ BML volume and pain is underway.
Fig. 1. a Patellar subregions M-medial L-lateral; 1b – division between
trochlea and WB femur.Table 1
Associations of stair-climbing pain* with median BML volumes
BML volume No Stair Pain (n ¼ 58) Stair Pain (n ¼ 57) p-valuey
Tibiofemoral 252 mm3 745 mm3 0.01
Patellofe moral 44 mm3 338 mm3 0.01
Femur (weight-bearing) 0 mm3 213 mm3 0.02
Tibia 141 m3 380 mm3 0.03yWilcoxon rank sum test of the differences in medians across pain
categories
*There was no statistically signiﬁcant relationship with BML volume
and walk/stand painTable 2
Prevalence and Volume of BML by PFJ compartment
Sub-region % With BML in sub-region Median BML size (mm3)
Medial patella 46 206
Lateral patella 44 285
p-value 0.23 0.41
Medial trochlea 29 424
Lateral trochlea 26 109
p-value 0.01 0.00
Madial PFJ – 451
Lateral PFJ – 279
p-value 0.21441
LONGITUDINAL ANALYSIS OF THE SHAPE CHANGES OF THE KNEE IN
PATIENTS WITH ANTERIOR CRUCIATE LIGAMENT INJURIES
V. Pedoia, D. Lansdown, M. Zaid, P. Jung, C. Ma, X. Li. UCSF, San Francisco,
CA, USA
Purpose: There has been recent interest as to the role of bone shape in
the development of osteoarthritis. Injury of the anterior cruciate liga-
ment (ACL) is clearly linked to early osteoarthritis. The aim of this study
is to analyze the longitudinal shape changes of the tibia and femur in
patients with ACL injuries using a novel MR-based statistical shape
modeling algorithm. We hypothesized that distinct shape changes are
present following ACL injury.
Methods: Bilateral knees were scanned using a 3 Tesla MRI scanner (GE
Healthcare) with an 8-channel phased array knee coil (Invivo Inc) for 15
patients (29.3 yrs, 5 female) with ACL injuries prior to surgical recon-
struction, and at 6 and 12 months after surgical reconstruction. Ten
controls (30.5 yrs, 3 female) with no history of knee injuries underwent
MR imaging at a baseline point and a second scan 12 months later. The
imaging protocol included sagittal T2 fast spin-echo (FSE) images with
TR/TE ¼ 4000/49.3 ms, slice thickness of 1.5 mm, slice spacing of 1.5
mm, pixel size of 0.39 by 0.39 mm. The tibia and femur were segmented
semi automatically to obtain a 3D surface for each bone. The Statistical
Shape Model (SSM) method is applied to describe the shape. The
method is based on Principal Component Analysis (PCA) for the 3D
coordinates of a set of matched vertices on each surface. Each bone
surface is described by a set of modes, with each set comprised of a
group of coefﬁcients. The ﬁrst 20 modes were analyzed to detect for
longitudinal shape changes in the ACL-injured knees in the ﬁrst 6 and
12 months. The difference in mode values between baseline, 6-month
follow-up and 12 month follow-up were compared to the changes in
the control knees from baseline to 12 months. Unpaired t-tests were
used to compare longitudinal changes in ACL-injured and control knees,
with signiﬁcance set at alpha less than 0.05. Due to the orthogonal
nature of the SSM basis description, we can change the values of a single
mode and observe the deformation of the vertices starting from a mean
shape in our dataset. This method allows for the identiﬁcation of the
speciﬁc shape feature which is described in each mode. The physical
meaning of the signiﬁcant modes is investigated by changing the value
of each mode from the mean to the mean  3 standard deviations.
Three-dimensional colored meshes are constructed according to the
anterior-posterior, medial-lateral, and superior-inferior directions to
interpret the magnitude of displacement and to understand the phys-
ical meaning to the values of each speciﬁc mode.
Results: The variation of Mode 10 for the tibia in the control group from
baseline to 12 months has mean and standard deviation in the 10
controls equal to 11.68  22.18, which is signiﬁcantly different from
the variation of the same mode in the injured group from baseline to 12
months (19.46  28.83). The change occurs primarily in the second 6Fig. 1. Posterior to anterior (a), medial to lateral (b) and inferior to
superior (c) displacement in millimeters of the mesh vertices changing
the value of the tibia 10th mode from the mean to mean - 3std; posterior
to anterior (d), medial to lateral (e) and superior to inferior (f) displace-
ment in millimeters of the mesh vertices changing the value of the tibia
12th mode from the mean to mean - 3std.
